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(54) Title: APPARATUS FOR JOINING SHEET MATERIAL AND JOINT FORMED THEREIN 




(57) Abstract 



The present invention apparatus for joining sheet material provides a stepped punch (38). This stepped punch (38) serves to strengthen 
a joint (14) between two or more sheets of material (16 and 18) by creating a stepped segment (122) in at least one of these sheets of 
material. During formation of this stepped segment (122), material is forcibly displaced toward another segment of material that is outwardly 
expanded to interlock with the adjacent sheet of material. 
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APPARATUS FOR JOINING SHEET 
MATERIAL AND JOINT F RM ED THEREIN 

BACKGROUND AND SUMMARY OF THE INVENTION 
5 The present invention relates generally to an apparatus for joining 

sheet material and specifically to a punch and a joint, each having a step 
therein. 

It is common within the metal forming industry to join pieces of 
sheet metal by punching or otherwise deforming them to cause an interlocking 

10 relationship in a localized area However, these traditional joints have typically 
required shearing of the sheet material. This, these joints tend to leak and 
also have their corrosion resistant coatings destroyed. 

More recently, an apparatus has been used for joining two or 
more sheets of material together by creating a leakproof and secure joint 

15 These improved conventional pints are created by use of a punch acting 
against an anvil to produce what is known as a TOG-L-LOC* joint 
therebetween. Such a leakproof joint is disclosed in U.S. Patent Nos. 5,267,383 
and 5,177,861, both of which are entitled "Apparatus for Joining Sheet Material" 
and issued to Sawdon. The disclosures of these patents are incorporated by 

20 reference herewhhin. 

The conventional TOG-L-LOC* leakproof joints consist of two or 
more sheets of material having a button or joint formed therebetween by a 
uniformly cylindrical punch forcibly pushing a punch side sheet of material into 
interlocking engagement with a die side sheet of material. These conventional 

25 leakproof joints have seen tremendous commercial success for use in varied 
applications such as steel microwave ovens and aluminum automotive bodies. 
While these leakproof joints have proven reliable and inexpensive, it would be 
desirable to have an even stronger leakproof joint. 

In accordance with the present invention, an improved apparatus 

30 for joining sheet material provides a stepped punch. This stepped punch 
serves to strengthen a joint between two or more sheets of material by creating 
a stepped segment in at least one of these sheets of material. During 
formation of this stepped segment, material is forcibly displaced toward another 
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segment of material that is outwardly expanded to interlock with the adjacent 
sheet of material. 

The punch and joint of the present invention are advantageous 
over conventional punches and joints by achieving a surprisingly stronger 
5 leakproof joint Furthermore, the joint of the present invention has improved 
wall thickness that is more resistant to fracture as compared to conventional 
leakproof joints. The punch, joint and method of the present invention thus 
reduce scrap during the joint forming process. Adcfitional advantages and 
features of the present invention wflJ become apparent from the following 
10 description and appended claims, taken in conjunction with the accompanying 
drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 tea side etevational view, partially in secttoa of a preferred 
embodiment apparatus for joining sheet material of the present invention. 
15 shown in its retracted position; 

FIG. 2 is a side etevational view, partially in section, of the 
preferred embodiment apparatus of the present invention of FIG. 1 , shown in 
its advanced position; 

FIG. 3 is an enlarged side etevational view, partially in section and 
20 taken from within circle 3-3 of FIG. 2. of the preferred embodiment apparatus 
of the present invention; 

FIG. 4 is a graph comparing the shear strength of a joint in 
aluminum created by the preferred apparatus of the present invention of FIG. 
3 as compared to a conventional leakproof joint without a step therein; 
25 FIG. 5 is a graph comparing the peel strength of a joint in 

aluminum created by the preferred apparatus of the present invention of FIG. 
3 as compared to a conventional leakproof joint without a step therein; 

FIG. 6 is a graph comparing the shear strength of a joint in steel 
created by the preferred apparatus of the present invention of FIG. 3 as 
30 compared to a conventional leakproof joint without a step therein; 
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RG. 7 is a graph comparing the peel strength of a joint in steel 
created by the preferred embodiment of the presem invention apparatus of FIG. 
3 as compared to a conventional leakproof joint without a step therein; 

FIG. 8 is a graph optimizing the anvil depth of a joint created by 
5 the preferred embodiment of the present invention apparatus of FIG. 3; and 

FIG. 9 is a graph optimizing the button diameter of a joint created 
by the preferred apparatus of the present invention of FIG. 3. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

It has been found that a conventional interlocking leakproof joint 

10 is strong and inexpensively formed. Such a conventional leakproof joint is 
formed by using a substantially constant diameter punch to draw a punch side 
sheet of material downward into interlocking engagement with a die side sheet 
of material. The punch side sheet of material has a cylindrical recessed cup 
internally formed therein while the lower peripheral external section of the punch 

15 side sheet of material is outwardly expanded. This expanded section of the 
punch side sheet of material interlocks with the adjacent section of the die side 
material and serves to outwardly expand the adjacent section thereof thereby 
defining an external button or joint Immediately adjacent the anvil. An increase 
of fracture resistance in the necking area of the side wall will lead to a reduction 

20 of pullout strength in the imerlocking of the button and vice versa Although an 
optimum joint's strength can be obtained by carefully selecting appropriate 
tooling parameters, the carrying load of this conventional joint is limited 
because of the transformation of failure mechanisms (Le., the maximum joint 
strengths cannot exceed the intersecting point of a fracture resistance curve 

25 and pullout strength curve as win be later discussed herein). 

Based on the Discussion above, an effort has been made to raise 
both fracture and pullout strengths of a joint at the same time. Consequently, 
a stepped punch of the present invention was developed. The idea to use the 
stepped punch of the present invention is to bring more material from 

30 somewhere in the sheet metal on the punch side to the joint element, and to 
increase simultaneously both thickness of the thinned side wall and locking 
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votume in the i n te rlock in g expanded segment of the joint Higher strengths for 
both shear and peel tests are expected if a stepped punch is appropriately 
designed. 

Thus, the conventional joint has been surprisingly strengthened 
5 to a significant extent by forabty deforming a step within the punch side sheet 
of material. This added step has provided a joint with tremendously improved 
strength while being relatively simple to create. The improved apparatus and 
joint is described hereinafter. 

Referring to FIGS. 1 and 2, a preferred embodiment of an 
10 apparatus of the present invention is comprised of a punch assembly 10 and 
a die 12. Punch assembly 10 and die 12 serve to form a joint or button 14 
between a first sheet of material 16 and an adjacent second sheet of material 
18. 

Punch assembly 10 has a punch holder 30. a stripper can 32, a 

15 stripper tip 34, a stripper spring 36 and a punch 38. As can best be observed 
in FIG. 3. punch 38 is defined by a distal drawing end 50. a cylindrical first 
drawing portion 52. a somewhat frusto-conical step 54. a cylindrical second 
drawing portion 56, a frusto-contcaJ carrying portion 58 and a punch support 
shank 60. A longitudinal axis runs the length of punch 38. A first radius 70 is 

20 disposed on the peripheral edge of first drawing portion 52. First radius 70 is 
preferably 0.02 inches. A 0.01 inch radius defines a fillet 72 disposed at the 
theoretical intersection between first drawing portion 52 and step 54. First 
drawing portion 52 has a slight draft angle between radius 70 and fillet 72 in 
order to remove punch 38 from joint 14. A comer 74 is located on the 

25 peripheral edge of second drawing portion 56. Alternately, comer 74 may have 
a radius thereupon. 

Ideally, the punch length and diameters are adjustable depending 
on the thickness of the sheet material employed for joint 14. For example, 
when first and second sheets of material. 16 and 18. respectively, are each 2 

30 mm thick aluminum, the longitudinal length of first drawing portion 52 is 0.095 
inches. First drawing portion 52, proximate to its theoretical intersection with 
distal drawing end 50. has a diameter of 0.19 inches. By way of contrast the 
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constant diameter drawing portion of the conventional teakproof joint punch 
without a step is 0.18 inches. Second drawing portion 56. proximate to its 
theoretical intersection with step 54. has a diameter of 0.21 inches. It has been 
found that it is preferable to depress punch 38 into the sheets of material 16 
5 and 18 a sufficient depth such that the comer between step 54 and second 
drawing portion 56 is coplanar with the contacting surfaces between first and 
second sheets of materia], respectively 16 and 18. The drawing depth can be 
roughly calculated as follows: 

dt m T, + T 2 

10 dt is defined as the total depth of punch 

between a surface of first sheet of material 16 
immediately adjacent stripper tip 34 to distal 
drawing end 50. 

T, is defined as the thickness of the first 
15 sheet of material 16; and 

T 2 is defined as the thickness of the second 
sheet of material 18. 

It may also be desirable to add up to 0.015 
inches to the right side of the preceding equation to 
20 allow for any margin of error. 

Referring now to FIGS. 2 and 3, die 12 has a substantially 
cylindrical anvil 90 surrounded by a set of die blades 92 which are laterally 
movable away from anvfl 90 during formation of joint 14. Anvil 90 preferably 
has a flat face which mirrors the flat shape of distal punching end 50 of punch 
25 38. Die blades 92 are retained to die 12 by an elastomeric band 98. 
Elastomeric band 98 is expandable to allow die blades 92 to pivot away from 
anvil 90 during formation of joint 14. Eastomeric band 98 then serves to move 
die blades 92 back toward anvil 90 upon removal of joint 14 from die 12. 
Elastomeric member 98 can alternately be replaced by a canted spring, 
30 compression spring, leaf spring or the like. 

As can best be observed in FIG. 3, joint 14 between first sheet of 
material 16 and second sheet of material 18 is defined by nominal segments 
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100. recessed or side wall segments 102, outwardly expanded segments 104, 
and bridging segments 106. Additionally, recessed segment 102 of first sheet 
of material 16 has an inside surface 120. A stepped segment 122 of first sheet 
of material 16 is located along inside surface 120 proximate with a bend 124 
5 thereof. 

The leakproof joint of the present invention and the apparatus 
used to create the joint of the present invention provide surprisingly significant 
advantages over conventional joints. The stepped portion of the present 
invention punch acts to create a stepped segment within the joint, thereby 

10 moving otherwise unuseful material toward the expanded segment of the joint 
The stepped punch 38 employs two tffferert diameters acting on 
a particular region of the joint This punch 38 brings two punch penetrations 
to the material sheets 16 and 18 in a single press stroke. It overcomes the 
problem that the side wall can be thickened only at the expense of a reduction 

15 in the interlocking. During the process of forming a stepped joint, the first 
drawing portion 52 with a smaller diameter acts just Dke the regular punch, 
drawing material towards the die opening to form a joint The second drawing 
portion 56 with a bigger diameter acts like a second punch that extrudes and 
pushes down some material in the side wall of the punch side so as to create 

20 a cup-shaped inner recess therein. As a matter of fact the first drawing portion 
squeezes the sheet metal on the bottom of the cup (bridging segments 106 
between the punch and die), and the second portion of punch 38 squeezes the 
material in the side wall of the cup. The final joint 14 is then removed from the 
die and punch. 

25 The action of the bigger second drawing portion is expected to 

obtain the following effects: increasing material volume in the joint element; 
thickening the cup-shaped wall in the joint; squeezing the material right below 
the cup-shaped wall outward to increase the interlocking; increasing the 
hardening of material in the thinned wall and interlocking by bringing more 

30 deformation to the material. The second effect will increase the fracture 
strength, while the third effect win result in a better resistance to a puHout 
failure. The last effect wiB benefit both fracture and pullout strengths. 
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There is a difference in the thickness of the thinned region and 
shape of the interlocking between the stepped and conventional teakproof 
Joints. For the joint made by a stepped punch, the cup shaped recessed wall 
is thicker and the material in the interlocking expanded segment especially in 
5 the gap between die blades, moves outward more than in conventional joints. 
They contrflxite to the increase of both fracture and pullout resistance. That is 
why a higher toad carrying ability is observed for the present invention joint 
made by a stepped punch. 

As can be seen in FIG. 8, the effect of anvil depth (AD) on peel 

10 strength and failure mode can be optimized. FIG. 8 discloses peel test forces 
versus anvil depth for two sheets of material made from steel grade A366. 
Each sheet of steel had a thickness of 0.060 inches while the punch diameter 
was 0.190 inches and the button diameter (BD) measured 0.285 inches. Curve 
200 schematically charts the failure by pullout test results while curve 202 

15 schematically depicts the failure by fracture test results. The intersection of 204 
of these two curves provides the optimum anvil depth for the present invention 
joint 

Referring to FIG. 9, the effect of button diameter (BO) based on 
peel strength and failure mode is shown. The test employs two sheets of steel. 

20 grade A386, each having a thickness of 0.060 inches. The punch used for this 
test had a first drawing portion diameter of 0.190 inches while the anvil depth 
(AD) measured 0.040 inches. Curve 250 depicts the pullout faflure results whfle 
curve 252 depicts the side watt fracture failure results. The intersection 254 
between curves 250 and 252 demonstrates the optimum button diameter. Of 

25 course, additional trial and error may be required to adjust the various punch 
and anvil dimensions based upon individual sheet material batch thicknesses 
and differing material types. 

Test results demonstrating the significant improvement in the 
present invention joint can be observed in FIGS. 4 and 5. FIG. 4 graphically 

30 represents a sheer strength test comparing conventional leakproof joints 140, 
without a step, to the present invention leakproof joints 142 having a stepped 
segment therein. Both joints were formed using 0.190 inch diameter first 
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drawing portions. An 8000 series Instron machine was used to performthese 
tests. Each test was performed twice. It win be noted that the present 
invention joint shown in FIG. 4 has significantly improved shear strength over 
the conventional joint without a step. 
5 FIG. 5 graphically depicts a peel strength test comparing the 

present invention leakproof joint 144 to a conventional teakproof joint 146 
without a step. Again, two tests were conducted for each type of joint It will 
be noted that the present invention joint 144. having a step therein, has 
significantly improved peel strength ever the conventional joint 146. Aluminum 

10 grade 5754, having a thickness of 2 mm, was used for each material sheet for 
the above shear and peel strength tests. For the conventjonal joint, the button 
had a diameter of 0.298 inches (BD) while the present invention joint had a 
button diameter of 0.323 inches. The anvil depth (AD) of joint was 0.040 inches 
for the conventional joint and 0.045 inches for the present invention joint 

15 Shear strength testing results for two steel sheets of material are 

shown in FIG. 6. Fourteen gauge, grade A366 steel was used. The stepped 
punch had an anvil depth (AO) of 0.050 inches and created a button diameter 
(BD) of 0.320 inches while the conventional punch had an anvil depth (AD) of 
0.045 inches and created a button diameter (BD) of 0.305 inches. The results 

20 for the stepped punch are shown with the solid fines 300 and the results for the 
conventional joint without a step therein, are shown with the dashed lines 302. 
The stepped present invention joint 300 test was repeated twice while the 
conventional joint 302 test were repeated three times. FIG. 7 graphically 
represents the peel strength test results for the same sized steel, punch 

25 apparatus and joint as that of FIG. 6. The stepped joint of the present invention 
is shown by the solid lines 350. The test was repeated five times for the 
present invention joint 350 and twice for the conventional joint 352. 

While the preferred embodiment of this apparatus and joint has 
been disclosed, it will be appreciated that various modifications may be made 

30 without departing from the present invention. For example, the punch of the 
present invention may rtaverrujltiple stepped p or 
mor differing diameter drawing portions. Furthermore, while th punch of the 
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present Invention has been disclosed as having cylindrical portions thereon, 
these drawing portions may alternately nave ovular, starred, polygonal r other 
shapes thereto. The distal drawing end of the punch or the anvfl face of the die 
may also take on a variety of curved, slotted or angular configurations. 
5 Moreover, alternate die constructions may be provided in combination with the 
presert invention punch or joint Either of the sheets of material can be metallic 
vinyl, polymeric, composite, or any other deformable material. Of course, three 
or more sheets of material may also be used consistent with the present 
invention. The stepped corifiguration of the present invention can also be used 

10 in a TOX* joint wherein a die blade is fixed around and partially extends above 
an anvil with a trough therebetween. The TOX« joint is defined by a die-side 
second material sheet forced to expand downwardly Into the trough when a 
first punch side material sheet is outwardly expanded to interlock with the 
second material sheet Various materials and dimensions have been disclosed 

15 in an exemplary fashion, however, a variety of other materials and Dimensions 
may of course be employed. It is intended by the following claims to cover 
these and any other departures from the disclosed embodiments which fall 
within the true spirit of this invention. 
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The invention ctekned is: 

1. An apparatus for joining at least two sheets of material 

comprising: 

a punch having a distal end thereof with a first portion thereof 
5 longitudinally adjacent thereto, said punch further having a second portion 
thereof longitudinally adjacent to said first portion; and 

said second portion of sad punch having a larger lateral 
dimension relative to said first portion of said punch such that a step is 
disposed therebetween; 
10 whereby said punch is operatively movable against said sheets 

of material so as to forcibly deform segments of said sheets of material to 
interlock with each other, said step of said punch movable to forcibly create a 
step within at least one of said sheets of material. 

2. The apparatus of Claim 1 wherein said first portion of said 
15 punch is cylindrical about a longitudinal axis of said punch. 

3. The apparatus of Claim 2 wherein said second portion of 
said punch is cylindrical about said longitudinal axis of said punch. 

4. The apparatus of Claim 3 further comprising: 

a fillet is disposed on said punch at an intersection of said first 
20 portion and said step thereof. 

5. The apparatus of Claim 4 further comprising: 

a radius is disposed on said punch at an intersection between 
said step and said second portion thereof. 



25 



6. The apparatus of Claim 3 further comprising: 
a first radius is disposed on said punch at an intersection between 
said distal end and said first portion thereof. 
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7. The apparatus of Claim 1 further comprising: 
a die acting in cooperation with said punch to forcftfy deform said 
sheets of material therebetween. 



8. The apparatus of Claim 7 wherein said die includes: 

5 an anvil coaxially aligned with said first and second portions of 

said punch, said anvfl having a face thereon defined as a substantially mirror 
image shape coincidental with said distal end of said punch; 

a set of die blades substantially surrounding said anvil and being 
laterally movable away from said anvil during forcible deformation of said 
10 sheets of material; and 

means for retaining said set of die blades to said die and for 
returning said set of die blades against said anvil upon removal of said sheets 
of material. 

9. The apparatus of Claim 7 wherein upon said forcible 
15 deformation of said sheets of material between said punch and said die, a first 

segment of said sheets of material proximate with said intersection between 
said distal end and said first portion of said punch are laterally expanded so as 
to interlock with one another, said step and said second portion of said punch 
further deform and push a second segment of at least one of said sheets of 
20 material toward said first segment of said sheets of material. 

10. The apparatus of Claim 7 wherein said die includes: 
an anvil; 

a die blade stationary disposed about said anvil and at least 
partially extending thereabove; and 
25 a trough disposed between said anvil and said die blade. 
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11. A joint formed between a first sheet of material and a 
second sheet of material comprising: 

nominal segments of said first and second sheets of material; 

recessed segments of said first and second sheets of material 
5 joined to said nominal segments thereof by bends therebetween; 

an outwardly expanded s e gm en t of said first sheet of material 
interlocking with said second sheet of material, said outwardly expanded 
segment of said first sheet of material extending from said recessed segment 
thereof; and 

10 a stepped segment formed in said first sheet of material proximate 

with said bend between said nominal segment and said recessed segment 
tnereoT. 

12. The joint of Claim 1 1 wherein an inside surface of said 
recessed segment of said first sheet of material is substantially cylindrical in 

15 shape. 

13. The joint of Claim 12 wherein said stepped segment is 
disposed along at least a portion of said inside surface of said first sheet of 
material proximate with said bend therein. 

14. The joint of Claim 11 further comprising: 

20 bridging segments spanning between said outwardly expanded 

segment of said first sheet of material and an outwardly expanded segment of 
said second sheet of material. 

15. The joint of Claim 14 wherein said bridging segments of 
said first and second sheets of material are substantially flat and parallel to said 

25 riominai segments thereof. 
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16. The joint of Claim 11 wherein formation of said stepped 
segment causes material to be displaced toward said outwardly expanded 
segment of said first sheet of material. 

17. A Joint formed between at least a first sheet of material and 
5 a second sheet of material comprising: 

nominal segments of said first and second sheets of material; 

recessed segments of said first and second sheets of material 
formed within said nominal segments; 

a stepped segment of said first sheet of materia] formed along at 
10 least a portion of said recessed segment thereof; and 

said first sheet of material interlocking with a portion of said 
second sheet of material. 



18. A method of forming a joint between at least a first sheet 
of material and a second sheet of material comprising the steps of: 

15 (a) compressing segments of said first and second sheets of 

material between a punch and a die; 

(b) creating a stepped segment in said first sheet of material 
closest to said punch; 

(c) forcibly displacing material from said stepped segment of 
20 said first sheet of material toward a further recessed segment thereof; 

(d) expanding a segment of said first sheet of material 

outwardly; 

(e) interlocking an expanded segment of said first sheet of 
material with an adjacent segment of said second sheet of material; and 

25 (0 withdrawing said sheets of material from between said 

punch and said die. 

19. The method of Claim 18 further comprising the step of: 
(a) xpanding said adjacent segment of said second sheet of 

material adjacent to said expanded segment of said first sheet of material. 
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WO 96/03232 AMENDED CLAIMS 

[received by the International Bureau on 23 January 1995 (23.01.95); 
original claims 1,11,18 amended; new claims 20-25 added; 
remaining claims unchanged (8 pages)] 

1. An apparatus for joining at least two sheets of material 

comprising: 

a punch having a distal end with a first portion longitudinally 
5 adjacent thereto, said punch further having a second portion longitudinally 
adjacent to said first portion; 

said second portion of said punch having a larger lateral 
dimension relative to said first portion of said punch such that a step is 
disposed therebetween; 
1 0 said larger lateral dimension being laterally smaller than an outside 

lateral dimension of a joint formed by said punch as measured at an 
intersection with said step; 

said step having an orientation between zero and eighty nine 
degrees, inclusive, inclining from said first portion toward said second portion 
15 of said punch; 

whereby said punch is operativety movable against said sheets 
of material so as to forcibly deform segments of said sheets of material to 
interlock with each other, sad step of said punch movable to forcibly create a 
step within at least one of said sheets of material 

20 Z The apparatus of Claim 1 wherein said first portion of said 

punch is cylindrical about a longitudinal axis of said punch. 

3. The apparatus of Claim 2 wherein said second portion of 
said punch is cylindrical about said longitudinal axis of said punch. 

4. The apparatus of Claim 3 further comprising: 

25 a fillet is disposed on said punch at an intersection of said first 

portion and said step thereof. 



AMENDED SHEET (ARTICLE 19) 
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5. The apparatus of Cteum 4 further comprising: 

a radius is disposed on said punch at an intersection between 
said step and said second portion thereof. 

6. The apparatus of Claim 3 further comprising: 

5 a first radius is cfisposed on said punch at an intersection between 

said distal end and said first portion thereof. 

7. The apparatus of Claim 1 further comprising: 

a die acting in cooperation with said punch to forcibly deform said 
sheets of material therebetween. 



10 8. The apparatus of Claim 7 wherein said die includes: 

an anvil coaxially aligned with said first and second portions of 

said punch, said anvil having a face thereon defined as a substantially mirror 

image shape coincidental with said distal end of said punch; 

a set of die blades substantially surrounding said anvil and being 
15 laterally movable away from said anvil during forcible deformation of said 

sheets of material; and 

means for retaining said set of die blades to said die and for 

returning said set of die blades against said anvil upon removal of said sheets 

of material. 



20 9. The apparatus of Claim 7 wherein upon said forcible 

deformation of said sheets of material between said punch and said die, a first 
segment of said sheets of material proximate with said intersection between 
said distal end and said first portion of said punch are laterally expanded so as 
to interlock with one another, said step and said second portion of said punch 

25 further deform and pish a second segment of at least one of said sheets of 
material toward said first segment of said sheets of material. 



AMENDED SHEET (ARTICLE 19) 
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10. The apparatus of Claim 7 wherein said die includes: 
an anvil; 

a die blade stafonarfly disposed about said anvil and at least 
partially extending thereabove; and 
5 a trough disposed between said anvil and said die blade. 



11. A joint formed between a first sheet of material and a 
second sheet of material comprising: 

nominal segments of said first and second sheets of material: 

recessed segments of said first and second sheets of material 
10 joined to said nominal segments thereof by bends therebetween; 

an outwardly expanded segment of said first sheet of material 
interlocking with said second sheet of material, said outwardly expanded 
segment of said first sheet of material extending from said recessed segment 
thereof, 

15 a stepped segment formed in said first sheet of material within 

said recessed segment thereof, said stepped segment disposed at least a third 
of a nominal segment thickness within said first sheet of material; and 

said stepped segment having an orientation between zero and 
eighty nine degrees, inclusive, inclining from said recessed segment toward 

20 said nominal segments. 



12. The joint of Claim 11 wherein an inside surface of said 
recessed segment of said first sheet of material is substantially cylindrical in 
shape. 

13. The joint of Claim 12 wherein said stepped segment is 
25 disposed along at least a portion of said inside surface of said first sheet of 

material proximate with said bend therein. 
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14. The joint of Claim 11 further comprising: 

bridging segments spanning between said outwardly expanded 

segment of said first sheet of material and an outwardly expanded segment of 

said second sheet of material. 



5 15. The joint of Claim 14 wherein said bridging segments of 

said first and second sheets of material are substantially flat and parallel to said 
nominal segments thereof. 



16. The joint of Claim 11 wherein formation of said stepped 
segment causes material to be displaced toward said outwardly expanded 
10 segment of said first sheet of material. 



17. A joint formed between at least a first sheet of material and 
a second sheet of material comprising: 

nominal segments of said first and second sheets of material; 

recessed segments of said first and second sheets of material 
1 5 formed within said nominal segments; 

a stepped segment of said first sheet of material formed along at 
least a portion of said recessed segment thereof; and 

said first sheet of material interlocking with a portion of said 
second sheet of material. 
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18. A method of forming a joint between at least a first sheet 
of material and a second sheet of material comprising the steps of: 

(a) compressing segments of said first and second sheets of 

material between a punch and a die; 
5 (b) creating a stepped segment in said first sheet of material 

closest to said punch; 

(c) forcibly displacing material from said stepped segment of 
said first sheet of material toward a further recessed segment thereof in the 
same punching action as used in step (b) ; 
10 (d) expanding a segment of said first sheet of material 

outwardly; 

(e) interlocking an expanded segment of said first sheet of 
material with an adjacent segment of said second sheet of material; and 

(f) withdrawing said sheets of material from between said 
15 punch and said die. 

19. The method of Claim 18 further comprising the step of: 
(a) expanding said adjacent segment of said second sheet of 

material adjacent to said expanded segment of said first sheet of material. 
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20. An apparatus for joining at least two sheets of material 

comprising: 

a punch having a distal end with a first portion longitudinally 
adjacent thereto, said punch further having a second portion longitudinally 
5 adjacent to said first portion; 

said second portion of said punch having a larger lateral 
dimension relative to said first portion of said punch such that a step is 
disposed therebetween; and 

said step having an orientation between zero and eighty nine 
10 degrees, inclusive, inclining from said first portion toward said second portion 
of said punch; 

whereby said punch is operatively movable against said sheets 
of material so as to forcibly deform segments of said sheets of material to 
interlock with each other, said step of said punch movable to forcibly create a 
15 step within at least one of said sheets of material in a simultaneous action with 
said first portion of said punch. 



21. The apparatus of Claim 20 wherein: 

said first portion of said punch is cylindrical about a longitudinal 
axis of said punch; and 
20 said second portion of said punch is cylindrical about said longitudinal 

axis of said punch. 
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22, The apparatus of Claim 20 further comprising a die acting 
in cooperation with said punch to fordbfy deform said sheets of material 
therebetween, wherein said die includes: 

an anvil coaxiany aligned with said first and second portions of 
5 said punch, said anvil having a face thereon defined as a substantially mirror 
image shape coincidental with said distal end of said punch; 

a set of die blades substantially surrounding said anvfl and being 
laterally movable away from said anvil during forcfote deformation of said 
sheets of material; and 
10 means for retaining said set of die blades to said die and for 

returning said set of die blades against said anvil upon removal of said sheets 
of material. 



23. The apparatus of Claim 22 wherein upon said forcible 
deformation of said sheets of material between said punch and said die, a first 
15 segment of said sheets of material proximate with said intersection between 
said distal end and said first portion of said punch are laterally expanded so as 
to interlock with one another, said step and said second portion of said punch 
further deform and push a second segment of at least one of said sheets of 
material toward said first segment of said sheets of material. 
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24. A method of forming a joint between at least a first sheet 
of mat rial and a second sheet of material comprising the steps of: 

(a) compressing segments of said first and second sheets of 
material between a punch and a die; 
5 (b) creating a stepped segment in said first sheet of material 

closest to said punch; 

(c) forcibly displacing material from said stepped segment of 
sad first sheet of material toward a further recessed segment thereof; 

(d) expanding a segment of said first sheet of material 

10 outwardly; 

(e) interlocking an expanded segment of said first sheet of 
material with an adjacent segment of said second sheet of material; 

(f) maintaining a substantially uniform thickness of said second 
sheet of material laterally adjacent said joint; and 

15 (g) withdrawing said sheets of material from between said 

punch and said die. 

25. The apparatus of Claim 1 wherein said step is disposed 
within 1 2/3 nominal thicknesses of one of said sheets of material from said 
distal end of said punch. 
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